Integrated Information System for Early Detection of Maternal Risk Factors Based on Continuum of Care Approach of Mother and Toddler Cohorts by Damayanti, Nyoman Anita et al.
  
 
Integrated Information System for Early 
Detection of Maternal Risk Factors Based 
on Continuum of Care Approach of 
Mother and Toddler Cohorts 
Damayanti, N. A., Setijanto, D., Hargono, A., Wulandari, R. D., 
Santi, M. W., Tjahjono, B. & Ramadhani, A. 
 
Published PDF deposited in Coventry University’s Repository  
 
Original citation:  
Damayanti, NA, Setijanto, D, Hargono, A, Wulandari, RD, Santi, MW, Tjahjono, B & 
Ramadhani, A 2019, 'Integrated Information System for Early Detection of Maternal 
Risk Factors Based on Continuum of Care Approach of Mother and Toddler Cohorts' 
Healthcare Informatics Research, vol. 25, no. 3, 153. 
https://dx.doi.org/10.4258/hir.2019.25.3.153 
 
 
DOI    10.4258/hir.2019.25.3.153 
ISSN   2093-3681 
 
Publisher: Korean Society of Medical Informatics 
 
 
This is an Open Access article distributed under the terms of the Creative 
Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the 
original work is properly cited. 
 
Copyright © and Moral Rights are retained by the author(s) and/ or other 
copyright owners. A copy can be downloaded for personal non-commercial 
research or study, without prior permission or charge. This item cannot be 
reproduced or quoted extensively from without first obtaining permission in 
writing from the copyright holder(s). The content must not be changed in any way 
or sold commercially in any format or medium without the formal permission of 
the copyright holders. 
I. Introduction
East Java is a province in Indonesia with the maternal mor-
tality rate of 93.52 per 100,000 live births and the child 
mortality rate of 26.66 per 1,000 live births in 2014. Most 
maternal mortality cases in East Java in 2014 and 2015 were 
due to pre-eclampsia/eclampsia, followed by postpartum 
hemorrhage of 25.57% and 25.05%, respectively [1]. De-
creasing maternal and child mortality is important point in 
achieving sustainable development goals (SDGs). About 830 
women die from pregnancy- or childbirth-related complica-
tions around the world every day [2]. The SDG targets for 
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2030 are to decrease maternal mortality to 70 per 100,000 
live births, child mortality to 25 per 1,000 live births, and 
neonatal mortality to 12 per 1,000 live births [3]. 
 Around 5% to 8% of women in developing countries with 
pre-eclampsia will experience eclampsia [4]. Maternal deaths 
during pregnancy and postpartum have several causes that 
may arise during pregnancy. Lack of health information dur-
ing pregnancy can lead to death both during pregnancy or 
childbirth [2]. In Indonesia, Canada, and various countries, 
hypertension during pregnancy is a major cause of maternal 
and perinatal death. Mothers suspected of pre-eclampsia 
must undergo testing to determine the condition of organ 
dysfunction so that further diagnosis can be made [5]. 
 Pre-eclampsia can cause risks to babies, including growth 
disruption and prematurity [6]. Because premature babies 
have a high risk of experiencing medical complications, it 
is important to do an early assessment of the premature la-
bor risk. For this reason, this integrated cohort information 
system is needed from the time of pregnancy followed by a 
baby cohort.
 Based on discussions with the East Java Commission on the 
Reduction of Maternal and Infant Mortality Rates (PENA-
KIB), one of the causes of high maternal mortality and infant 
mortality is the lack of early detection of risk factors. Like 
maternal mortality, risk factors for infant mortality can be 
determined through surveillance efforts or early detection of 
risk factors for infant mortality.
1. Continuum of Care Approach
The relationships between mothers, babies, and toddlers 
cannot be separated in life or in the need for health services. 
Babies’ health condition is very much determined by the 
condition of their mothers. Maternal health status can be 
used as a risk factor predictor for the mother and the baby 
she conceived and bore. Babies’ health condition can be used 
as a predictor of risk to the babies themselves and further 
when they grow into toddlers. Early detection of risk factors 
can therefore be realized by an effective, comprehensive, and 
integrated understanding of health status in the continuum 
of care [7].
 Continuum of care is a holistic and coordinated service 
system design for managing service and operation in an in-
tegrated system [8]. An important principle in developing 
an integrated maternal, newborn, and child health (MNCH) 
program is a continuum of care. This means that healthcare 
must be provided as a continuum in the life cycle consisting 
of teenagers/premarital, pregnancy, birth, and infancy [9]. 
 Adopting the continuum of care approach requires large 
amounts of data collected from all stages of the human life 
cycle, which can be obtained from various sources and avail-
able for a long period of time. In this way, risk can be de-
tected as early as possible according to the period in the life 
cycle.
 At present, the recording and reporting of information of 
mother and toddler cohorts is still done manually and in 
many different places, mostly using paper-based systems. 
This poses a great deal of difficulty in ensuring accuracy 
of the data as paper-based systems have a limited life and 
are normally destroyed after a certain period of time due to 
space limitations. The adoption of a continuum of care ap-
proach requires effective and efficient collection and storage 
of accurate data over a long time span. The development of a 
computer-based information system would therefore facili-
tate data storage and retrieval, and would enable intelligent 
data processing or compilation so that information can be 
given accurately and quickly to benefit patients.
2.  Combination of Information System and Method for 
Development
The information system is a combination of the follow-
ing five elements: human, data, software, hardware, and 
network. These five elements are organized together to 
transform inputs into outputs by processing the data into 
information [10]. Silver et al. [11] state that the aim of an 
information system implemented in an organization is to 
improve the efficiency and effectiveness of the organization. 
The system development life cycle (SDLC) framework allows 
system designers and developers to follow a sequence of 
activities [12]. The SDLC consists of several stages, namely, 
user requirements, requirements analysis, system design, 
system development, testing, and acceptance [10].
II. Methods
The research was conducted qualitatively at six public health 
centers located in four sub-districts in Surabaya, East Java, 
Indonesia, between 2016 and 2018. The information sys-
tem was developed following the SDLC framework, which 
provides system designers and developers with the follow-
ing sequence of activities [13]: (1) system investigation, (2) 
system analysis, (3) system design, (4) system implementa-
tion, and (5) system maintenance and evaluation. This is in 
accordance with Lemke [13] stating that SDLC consists of 
several phases, namely, planning and needs analysis, design 
and development, implementation, testing, integration and 
maintenance. In this study, the SDLC stages were followed 
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only until the third stage, system design. 
 In the system investigation, the need for information sys-
tem development was analyzed in relation to existing prob-
lems. In the system design, specifications were developed for 
the hardware, software, people, network, data resources and 
the information products that would satisfy the functional 
requirements of the proposed information system [14]. In 
this research, the system was assessed by SWOT analysis.
1. Data Collection
Data were collected through three techniques, namely: in-
depth interviews, focus group discussion (FGD), and docu-
ment studies. Data collection through in-depth interviews 
and FGD was preceded by requests for approval from re-
spondents through filling out informed consent. Data collec-
tion in this study was in accordance with research by Like et 
al. [15] conducted in Papua New Guinea. The FGD conduct-
ed in this study was an interactive discussion that focused on 
specific issues between six to eight predetermined partici-
pants and led by a moderator, which aimed to gain a broad 
range of views on the research topic over a 60- to 90-minute 
period [16]. Document studies were conducted by collect-
ing, recording, and reporting documents used in the mother 
and toddler health program in Surabaya. The respondents 
of in-depth interviews and FGD were stakeholders related to 
the mother and toddler health efforts, including midwives, 
pediatricians, heads of the health centers, staff of Surabaya 
District Health Office and East Java Provincial Health Of-
fice, representatives of the Indonesian Midwives Association, 
representatives of the Indonesian Obstetrics and Gynecology 
Association and the Commission on the Reduction of Ma-
ternal and Infant Mortality Rates. 
2. System Development and Implementation
Data collected for the development of this system included 
identification of system input and output entities, types of 
Table 1. Strengths and weaknesses of recording and reporting systems of mother and toddler cohorts in Surabaya 
Strengths Weaknesses
•  There was already a standard form of recording and  
reporting documents.
•  Variables in recording and reporting documents were  
completed and detailed covering mother and toddler  
conditions, so they can be used by medical personnel in  
making decisions.
•  There was a web-based recording and reporting system in  
public health center.
•  There were available numbers of midwives in Surabaya  
public health centers. 
•  Most of the midwives in public health centers know and  
understand how to record and analyze data.
•  The midwives could operate computer-based information  
system.
• The recording and reporting were done regularly (monthly).
• Wi-Fi and Internet were available.
• There were no record systems for the pre-marital period.
•  The existing recording documents were still fragmented and  
not integrated.
•  The recording and reporting system of mother and toddler 
data every month are still done manually. This is very burden-
some for some health workers.
•  The recording of mother and toddler health conditions is  
incomplete.
• The requested reporting format often changes.
•  There were difficulties in tracing data of mother and toddler 
health conditions.
•  Many types of health information had to be reported to the 
District Health Office.
Table 2. Opportunities and challenges of recording and reporting systems of mother and toddler cohorts in Surabaya
Opportunities Challenges
•  Full support from the city mayor of Surabaya for mother  
and child health.
•  Regulation of Health Ministry Number 511 in 2002 about 
Policy and Strategy for the Development of the National  
Health Information System encourages health centers to  
apply the computer-based information system.
•  System vulnerability because of external threats, such as  
viruses, hackers, etc.
• Difficulty of system maintenance.
•  Recording formats in clinics and hospitals were not referred to 
cohort-based records.
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data requirements, data sources, procedures for recording 
and reporting data, as well as the flow of data to informa-
tion generated. This system is expected to be used by health 
workers in centers for prenatal and postnatal healthcare and 
information for women and toddlers or hospitals to record 
services provided to mothers, infants, and children in an in-
tegrated manner.
 For the prototype of risk factor surveillance information 
systems and mother and toddler cohorts, an entity relation-
ship diagram (ERD). Internal testing was performed as a 
preparation for external trials with the officers of the public 
health centers and Surabaya District Health Office. The data 
input into the system was data of mother and toddler co-
horts in the health centers.
III. Results
Based on the results of system investigation, the mother and 
toddler health recording system in Surabaya, Indonesia, cur-
rently has not been integrated; instead, the information is 
recorded manually. Information about maternal, infant, and 
toddler mortality risk factors has not been well-documented. 
A software requirements specification (SRS) document was 
created during this phase containing information about how 
the system is able to meet user needs.
 Another stage of SDLC is system assessment by SWOT 
analysis. Based on the FGD and in-depth interview results 
with several stakeholders, the strengths, weaknesses, oppor-
tunities, and challenges of the use of the integrated mother 
and toddler cohort information system existing currently 
can be identified as shown in Tables 1 and 2. From Tables 1 
and 2, it can be seen that the system of recording and report-
ing on mother and toddler cohorts in Surabaya has more 
strengths than weaknesses.
 Based on the results of the FGD, the variables and informa-
tion required for the information system development as 
well as the risk factor surveillance and cohorts of mother and 
toddlers are shown in Table 3. The results of FGD and docu-
ment studies were used to create a data flow diagram (DFD). 
DFDs of the risk factor surveillance information system as 
well as mother and toddlers cohorts based on the phase of 
continuum of care are presented in Figure 1.
 As seen in Figure 1, all types of data required by the health 
centers and related stakeholders can be accommodated. The 
work flow process of the integrated mother and toddler co-
horts information system based on the phase of continuum 
of care is shown in Figure 2. Based on the results of the 
study, the ERD of the prototype information system that has 
been developed is presented in Figure 3.
IV. Discussion
The study findings show that there are numerous operation-
al problems related to the Health Management Information 
System (HMIS). Therefore, the implementation of informa-
tion systems in the health sector is not only based on the en-
couragement of routine health data and information needs, 
but also the availability of adequate supporting resources 
must be available [17]. 
 Based on the study findings, the recommendations for 
strengthening the HMIS so that it can support the Mater-
nal and Child Health Program are to use computers for the 
HMIS at public health centers for data entry. Moreover, the 
data collection and reporting formats should be standard-
ized and should not be changed frequently [18]. System de-
sign that can present data for daily work and the use of up-
to-date software are keys to the effective use of information 
systems [19]. Reforming health information systems with 
better quality and quantity of patient data, development of 
an information system that integrates all subsystems with 
clear and organized work flows, and restructuring of data to 
Table 3. Variables and information required for the information 
system development of mother and toddler risk factor surveil-
lance and cohorts
Life period Variable required
Pre-marriage Identity of wife and husband
Health and immunization status
Pregnancy Early pregnancy condition
Immunization status
Antenatal care examination
Screening of high-risk pregnancy 
Referral plan or delivery plan
Delivery baby Information about the delivery process
Information about referral and backward referral
Maternal conditions
Health problems postpartum
Contraceptive status
Infant Identity of newborn
Health status of newborn
Infant risk factor
Toddler Immunization status
Health status
Nutrition status
Child growth
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be clearer and interrelated are needed [20].
 The system analysis stage assesses variables in the informa-
tion systems and cohorts of mothers, infants, and toddlers. 
The variables in the recording and reporting of mother and 
toddler cohort documents were used as the basis of system 
variable arrangement. The purpose of system analysis is to 
understand and prioritize the gaps that exist in the current 
system and how the system development will address these 
gaps [21]. In this study, we found that one of the gaps is the 
incomplete data in the existing recording and reporting 
documents. Furthermore, FGD was conducted to deal with 
gaps related to data on the recording of maternal and infant 
health status. Some new variables were added to the system 
based on the discussion with the appropriate stakeholders 
through FGD. The FGD results and document studies were 
used to create a DFD. 
 With the proposed health information system, all types of 
data required by health centers and related stakeholders can 
be accommodated. The data recorded by healthcare facilities 
will be gathered at the public health center and will subse-
quently be reported to the District Health Office. The pro-
posed model for the maternal and child health information 
system will enable trend analysis for policy making to help 
accelerate the efforts for meeting global maternal and child 
health targets [22].
 External trials were carried out with the following technical 
Pediatrician
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marriage
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Collecting
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data
Collecting
delivery
baby data
Collecting
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Collecting
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1. Early pregnancy
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delivery plan
1. Information about the
delivery process
2. Information about
referral and
backward referral
3. Maternal conditions
4. Health problems
during postpartum
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Figure 1.  Data flow diagram of the information system of integrated mother and toddler cohorts based on continuum of care. 
158 www.e-hir.org
Nyoman Anita Damayanti et al
https://doi.org/10.4258/hir.2019.25.3.153
steps. The midwives or staff of the health office of Surabaya 
operated the computers connected to the internet to access 
the web-based information system. The trial participants 
provided data of mother and infant cohorts as material for 
input into the system. During the trial much information 
and many suggestions were collected from the participants 
regarding ways to improve the information system of mater-
nal and infant cohorts.
 Most of the midwives or staff of the health office of Sura-
baya said that the software could facilitate health workers in 
conducting risk factor surveillance. Moreover, early detec-
tion and prevention can be conducted as early as possible to 
Pr -marriage
examination data
e
Pregnancy
examination data
Delivery baby
examination data
Arrival of pregnant women
and examination in Public Health Center
Public Health Center
Other health care facilities
Main
module
Management
information
system of
maternal
health
Data of pregnant
women
Personal
detail
Result of
examination
Report
Information about
health status of
mother and toddler
Infant
examination data
Toddler
examination data
Midvives
coordinator
Figure 2. Work flow of the integrated mother and toddler cohorts information system.
Family_planning_table
- Fp-id: int (11)
- Mother_id: int (11)
- Place_id: int (11)
- Examination_date: date
- Contraception:
enum ( y , n )
Growth_table
- Growth_id: int (11)
- Name_growth: text
- Growth_detection: varchar (50)
- Old: varchar (50)
- Explanation: varchar (20)
Disease_table
- Disease_id: int (11)
- Disease_name: varchar (20)
- Explanation: varchar (50)
Service_table
- Service_id: int (11)
- Service_code: varchar (30)
- Service_name: varchar (40)
- Exp: varchar (30)
Complication_table
- Compl_id: int (11)
- Compl_name: varchar (20)
- Exp: varchar (50)
Vitamin_table
- Vit_id: int (11)
- Vit_name: varchar (20)
- Exp: varchar (30)
Infant_table
- Infant_id: int (11)
- Mother_id: int (11)
- Registration_number:
varchar (11)
- Infant_name: varchar (50)
- Date_of_birth: date
- Gender: varchar (10)
- Weight: decimal (3, 2)
- Length: decimal (3, 2)
- Head_circumference:
decimal (3, 2)
- Chest_circumference:
decimal (3, 2)
- Phc_id: int (11)
Sub-distric_table
- Prov_id: int (2)
- City/dist_id: int (4)
- Subdist_id: int (4)
- Name_subdist: char (40)
Mother_table
- Mother_id: int (11)
- Id_number: char (17)
- Mother_name:
varchar (30)
- Date_of_birth: date
- Job: varchar (20)
- Last_edu: varchar (4)
- Husband_name:
varchar (50)
- Husband_id_number:
char (17)
- Husband_date_of_birth:
date
- Husband_job:
varchar (20)
- Husband_last_edu:
varchar (4)
- Address: varchar (100)
- Phone: varchar (15)
- Hight: tinyint()
- Blood_type: char (2)
- Phc_id: int (11)
User_table
- Personal_id: int (11)
unsigned
- Name: varchar (50)
- Username: varchar (100)
- Password: varchar (225)
- email: varchar (20)
- Phone: varchar (20)
- Address: text
- User type: char (10)
- Phc_id: int (11)
Public_health_center
_table
- Phc_id: int (11)
- Phc_code: char (11)
- Phc_name:
varchar (30)
- Address: varchar (100)
Childbirth_helper_table
- Helper_id: int (11)
- Profession_name:
varchar (30)
- Explanation: varchar (30)
District/_city_table
- Province_id: int (2)
- District/city_id: int (4)
- District/city_name:
char (40)
- Immunization_id: int (11)
- Immunization_name:
varchar (30)
- Explanation:
varchar (30)
Immunization_table
Future bride ad groom_table
- Id: int (11)
- Thetanus_immuization_stat us:
enum ( y , n )
- Thetanus_immuization_date:
date
- Weight: decimal (10, 0)
- Upper_arm_circumference:
varchar (5)
- Mental health: varchar (10)
- Hiv_risk_factor: enum ( y , n )
- History_of_disease:
enum ( y , n )
- Family_history_of_disease:
enum ( y , n )
- Hepathitis_ab: enum ( y , n )
- Contraception: enum ( y , n )
- Mother_id: int (11)
Service_place_table
- Place_id: int (11)
- Place_code: varchar (30)
- Exp: varchar (50)
- Place_name: varchar (30)
Province_table
- Prov_id: int (2)
- Prov_name: char (30)
Figure 3. Entity relationship diagram of information system development of mother and toddler integrated cohorts.
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reduce the maternal and infant mortality rates in Surabaya. 
However, obstacles were found; although software is used, 
there is still a necessity to write manually. 
 During the external trials, some input was obtained from 
participants regarding how to improve the existing variables 
of the inputting data form. The programmers and research-
ers were responsible for modifying the systems based on the 
health workers’ input as participant in the external trials. 
This was done to generate high-quality systems that would 
meet users’ needs [23]. Previous studies have shown that 
health information technology has a variety of important 
benefits in terms of quality and efficiency of service delivery 
based on the guidelines regarding prevention, increasing 
monitoring and surveillance, reducing medication errors, 
and reducing the potential for excessive or unnecessary ser-
vice [24]. Technology can be very useful, but it is still neces-
sary to consider the complexity of the system. 
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